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Chapter 7 
Conclusions and Future Work 
7.1 Conclusions 
In this thesis, a few problems falling mainly in the area of the vertical and radial disk 
structure in a spiral galaxy have been studied. The aim has been to make a thorough, 
cohesive and careful study of the vertical distribution of various disk components. The 
results are listed in decreasing order of direct relevance to current hot topics. First of all, 
we have been able to put constraints on the dark matter distribution of our Galaxy, using 
our theoretical model. Second, we have been able to explain some of the well-known but 
unexplained observational facts regarding the HI and stellar layer thickness. Third, we 
have explored some of the simple and practical reasons for the observed drop in surface 
brightness of stellar disks. Lastly, we have shown that a substantial redistribution of 
galactic disk matter occurs around an extremely massive and extended object like the 
GMCC due to  its gravitational force. Thus, we predict that there will be small but deep 
'pits' on the planar surface of a disk which should be easily observable with the present 
telescope technology. Overall, the thesis addresses some of the observational features of 
disk galaxies in the nearby universe and an attempt is made to resolve them theoretically. 
The following paragraphs present the highlights of each chapter. 
In chapter 2, we illustrate the effect of the gravitational force of a massive extended 
object like the giant molecular cloud complex. The galactic disk is forced to redistribute its 
matter around the complex under the influence of a deeper potential well. This increases 
the midplane stellar density by a factor of 2.6 and decreases the vertical scaleheight by a 
factor of 3.6 around the central region of the complex. The gravitational force due to the 
complex decreases as we move away from its centre. I t  is shown that a typical complex 
can affect the distribution of matter upto a radius of about 500 pc from its centre. The 
presence of many such complexes in a galactic disk results in local corrugations in the 
stellar and gas layers which is observable in external galaxies with the present day telescope 
facilities. Thus we show that gravitational potential of a typical late type spiral disk is 
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distinctly non-uniform on scales of about lkpc. 
In chapter 3, we show that the gas gravity is crncial in the determination of the true 
vertical scaleheight of all the disk components in a galaxy. We treat the galactic disk as a 
gravitationally coupled three-component system consisting of stars, atomic and molecular 
hydrogen gas and also include the effect of the dark halo. The model developed is gencral 
and is applicable to any disk galaxy. It is applied to the inner Galaxy in this chapter. 
We find that our model gives HI scaleheight which is nearly constant in the inner Galaxy. 
We note that the overall agreement with observations improves if a small linear variation 
with radius is introduced (of slope -0.8 km s-I kpcfl) in the HI velocity dispersion. Such 
a variation in HI dispersion is in fact physically more realistic because of the higher 
supernova rate observed near the center of the Galaxy. Thus our model can explain the 
40-year old puzzle (Oort 1962) of the constancy of HI scaleheight. Another important 
outcome of this study is that the resulting scaleheights for Hz and stellar disks also match 
very well with observations. On the whole, the model has been successful at  explaining 
the vertical extent and its radial dependency of the three major disk components of our 
Galaxy. 
In chapter 4, we first show that for any disk galaxy in general, the stellar disk is more 
likely to flare than exhibit constant thickness. This we do by applying our model to the 
two external edge-on galaxies - NGC 891 and NGC 4565. This result is in contrast to 
the well-rooted belief that stellar disks exhibit constant thickness (van der Kruit & Searle 
1981). Interestingly, we find that the same data which had been previously interpreted as 
implying a constant scaleheight for the stellar disks, show features of flaring behaviour, 
on taking a closer look. This not only supports our theoretical prediction hut also lets 
us use the data to constrain the extent of flaring in these two galaxies. We find that the 
disk of NGC 891 flares to a t  least twice its initial thickness within the optical radius while 
that of NGC 4565 flares to more than 2.5 times its initial value. 
In chapter 5, we apply our model to the region beyond solar circle of our Galaxy. 
This region is dominated by the dark matter halo and we therefore use the HI flaring 
to constrain the halo density profile. We find that an infinite isothermal halo which is a 
popular model for the halo, does not lead to the observed HI flaring. Changing the shape 
of the halo to prolate or oblate spheroid does not improve the agreement with observations 
either. Based on the best fit with observations, we show that the halo for our Galaxy 
has to be spherical and of finite size. This same conclusion is reached from the recent 
analysis of SDSS data (Prada et al. 2003) as well as from numerical simulations of halo 
formation (Avila-Reese et al. 1999), thus supporting our results. Our work indicates that 
the ongoing controversy about the shape of the halo is probably not necessary. 
Chapter 6 deals with the outer cut-off of stellar disks in galaxies. Here we challenge 
the popular mass truncation hypothesis proposed in view of the observed drop in surface 
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brightness of some disk galaxies (van der Kruit & Searle 1981). We propose two simple 
alternative explanations for the observed drop in surface brightness. First, we demonstrate 
that  even a slight overestimation (0.5%) of sky brightness can lead to the observed effect. 
This cautions the observers to be extremely careful while deducing the sky brightness. The 
second explanation is that the observed drop could be due to small intrinsic variations 
from the exponential in the disk. Finally we stress that the sudden drop in surface 
brightness is infact a very tiny change in the intensity of the disk which is exaggerated in 
the log-normal surface brightness profile. The absence of physical cut-off that we propose 
is in line with the currently accepted theory of disk formation by viscous evolution which 
says that truncated disks do not form naturally (Saiz et al. 2001). 
7.2 Prospects for future work 
There are many aspects of this thesis work which can be followed up to obtain interesting 
results. While some of the leads may confirm/strengthen the picture presented in the 
thesis, some show promise of a peek into the fundamental issues that cannot be resolved 
by direct observations. In the following list of topics, the first two are observational 
projects, the later ones involve application of our model : 
First of all, it  will be interesting to look for the small but deep 'pits' created by the 
GMC complexes in external galaxies (see chapter 2). These predicted corrugations 
in stellar disks, being about 500 pc to 1 kpc wide, should be observable in gas rich 
nearby spirals of intermediate inclination. 
So far, just one study (de Grijs & Peletier 1997) has reported to have observed 
flaring of stellar disks in a handful of external galaxies, and its correlation with 
Hubble type (see chapter 4). Observations of stellar disk flaring in a statistically 
complete sample would strengthen this discovery. 
For a disk with negligible amount of inter-stellar gas (for example early-type galax- 
ies), the radial dependence of stellar scaleheight will depend on the photometric disk 
scalelength and the kinematic scalelength (see chapter 4). Using the observed scale- 
height data on such purely stellar disks, one can model the little-known kinematic 
scalelengths of these disks. 
The technique of using HI flaring to constrain the halo density profile has been 
shown t o  work well for our Galaxy (see chapter 5). In order to establish it as a 
standard technique, one has to apply it to many more galaxies. This calls for a two 
step procedure. First, one needs to look for flaring in HI in as many galaxies as 
possible - as the number of cases in the literature of reported HI flaring is too few. 
86 Chapter 7. Conclusions and Future Work 
Then the flaring (if observed) can be modelled to extract the halo density profile, 
subject to the avalahility of other relevant information on the galaxy. 
The currently popular CDM model predicts a very strong evolution of galaxy prop- 
erties in the intermediate redshift range (Gardini, Ronometto & Murante 1999) 
because according to this model, this epoch witnesses a high rate of galaxy mergers. 
Reshetnikov, Dettmar & Combes (2003) have already observed that at  high red- 
shifts, the thin disks of galaxies are seen to be thicker compared to those of nearby 
galaxies . Therefore it would be interesting to study the stability properties of disks 
at high redshifts. 
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